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OF

LFollolrinZ is translation of an article by "Ckrner Fokl pub-
lished in Zeitschnr. 't fur ,croholo0ie -and Ckolore dcr Tiere
(Journal for .. "ilal Morphology and Ecology), Vol 44, 196,
No 4, pp '442-458.]

A - Introduction

Althouzjh bacteriological .nmvostigzations on insects are ncarly as old
as bacteriolor itself -- Pasteur inivestigated si*.Awors, folcO,-: later byQ *etschnrkcff and Pail.lot -- it has remained a little explored field of bio-
logical research. This is all the more surprising since bacteria in in-
sects as carriers and hosts play a considerable role i.n medical entomology,
in insect =nd plant pathology and oven in the control of parasites.

The zmicrobiological processes in the insect body are still not very
u:ell kmnoun. *ot until Luchner and his school began the study of bacterial

synbiosis of a num;ber of insects did bacteria core again into the forefront
Sof biological intcrests. Although the morphological side of the problem of

s.-abiosis has been exhaustively illuminated by the intcnsive :orlk of this
school, physiological questions have begun to find a solution only very ra-
contly throu:h the investigations of Aschner, of Glaser, of the school of

~c~h, and others.

ac~ever, tho u'are culture of sy:n.bicntic microbes, in particular that
of the kitrac'alcŽ' .nd, still encounters 3reat difficulties. The latter
are absent foe bactcria which live co.uaensally with insects.

Since ý-ý;.uae- and others h2.. that symbiosis develops out of co.men-
salism, invastigation of the former is likely to be advance- through the
"sudy of such co~uaensals.

Relatively little is knom on the bacteriology of the homolymph. So
far about 250 different ba'teria have bcon identified uhich occur in asso-
ciation with insocts.' This does not include the intracellular symbionts.
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Tha: groator part of tho -er:r~s-'nzt.--' from tho gastrointostinal tract
but soveralJ rceoarchers havo isolatod bacteria also from the blood of both
dioascd as u.:oll as hoalthy insects.

:Ln 1931, Lilly observed nthat the blood of lMusca Domestica may contain
ono or .-moro specios of bactCoria evan under complotely normal conditions.
He suspactod that this flora of the hc:oo.y,-ph var.ies qualitatively and quan-
titatively wxith the ,reu, nutrition and enviroarn~ont.

In 19-42, Tauocr and Griffith bred staphylococcus albus from the hemo-
lyJ.-h of Blatta orientajlis and Heorms fou=d the sanie germ. in the blood of
?hyllodromia gornanica. This finding is in part undorstandablo since, ac-
cording to 4etalnikov, staphylococcus albus is believed to be apathogenic
for insects. C,-eron frequently found bacteria in the blood of normal
larvae and specifically for Graphiphora triangulum, Gonepteryx rhamni,
Smorinthus oceflatus, Endro~mis versicolora, Graphiphora agathina, Ennomos
autunnaria. Agrotis ashworthi, Euchloris vernaria and Aproophyta nigra.
In 1934, the same author ý.solated several extremely virulent strains of
Bacillus subtilis from the blood and the gastrointestinal tract of the woax
moth. Artificially infected larvae died within 12-24 hours. However, other
strains were sho~in to be apathogenic even at very high doses. The larvae
survived the infection but spores persisted for a long time in the bodily
cavities. Cameron also bred Streptococcus galleriae from the blood and the

i O gastrointestinal tract of larvae of the was moth but this germ was also
shown to be apathogenic.

Several reports on the occurrence of bacteria in the blood of dis-
eased insects are available which go in part back to the time of Pasteur.

For example, Benedek and Specht (1933) found Bacillus megatherium, in
addition to a fungus, in the hemolymph of diseased lecaniids. Giard and
Billet, Inman, Issatschenko, Henneberg and many others described pathogenic
glowing of insects through infection with photogenic bacteria (cf. Pfeiffor
and Stammer). Particular mention should here be made of the studies of the
latter on bacterium hemophosphoreum. They were able to induce septicemia
through artificial infection and carry out interesting investigations on the
cause of inlection wzhich covered both the behavior of the bacteria as well
as the dofensive reactions of the insect organism. Babers reported on sep-
ticemia produced by bacillus cereus in Prodonia cridania, Periplaneta ameri-
cana and Flodia interpunctella. However, the same germ was also isolated
froa, apparently entirely healthy insects (of. Steinhaus).

Reports on the bacteriology of the tracheal system are not available
in literature. We knoow that the respiratory tract of the higher animals is
even under normal conditions host to germs which may become of importance
under special circumstances.

Since the possible presence of microorganism in the tr'acheal system
and in the blood is of great significance for 'many fields of research such0



as 'ý.ho brood±1ný; Os r,.bonts frorl insect or.-ans and in Senora-l for the
or~.^n of mnay syi..blosoz, it appearod neces-sar-y to carr:' ou~t býctvcrioloýjcal
axnvoctIization on the tracheal. system and, the henolymplh of dif~fcront insects.

1 - 5teril~o 1--c:'o-rtions: Sterile propartion is probabl~y the most aiffi-

cu~lt probl.em in bactcriolo-icaJ. work with insects. Strict observation of
sterilo conditions is difficul~t alread-y uhen -. orkking with lar-cr subjects
and the preparnatior. of' the very small areazs in-volvod in workLing with in-
sects frequeont~ly ise not at all sni.S=ma of the presen~t bactoriolo.-icalI invostigations of inzects appear to be subject to caution in this respect.

In i-a-dor to provide for sterile rw.ovCenont'k Of tr,-C.-cGo_ -L.adhroyp
in our o'~ns wo fouand it, necessary first to tost sevoral of thecus
tc;-ary practices of exiternal disizfection and asooti,5c pro-.a's,,tion in expcxil.

nents ith gýerm coarriers by rzoans of pellets of zzirosu4 =.d siliceous earth
which were coanted with different cultures.- Thi show~ed most of tho methods
to be very unreliable. E'von if t61ho zsubjects vroze dippeccý sovoral times in
alcohol an! sin-ed, sono of' the b~actori-Llogical controls alwaysý, showed posi-
tive results. Prolon~ed innersion of the subojects in di-3Linfectants such as
absolute alcohol, hydrog;en poro:,ýde, alcoholic solution of chlorc:-ine and
s~4ail.7x agents -Lrovcd to be adverzse because tho agents diffuhse into the

tracheae and d_-uagod or dest-royed anyq go=.s e~.dstin- here. '..ereover, the
~O prolon-ed interval created the risk of infection of the ha~iaolysmph by in-

We found it best to dip the ani~mal i~n hot melted p.araffin, after
clmngand surface coatin- with iod~ine (N'z:I an indebted to C~r. Klilnor

of the '"uregiberg Institute of iiygi-_ene for sug-gest~ing thi.- procedure). ThiUs
kills off nost of the surface Germs and oven very rosista.-nt spoe.-s (wh:-ich

wudirobcibly also have resisted any other treatraInt) w,.ore at loast fixed-
adthus kept away from the field of operation. The rernrs vZ the intornal

or-ans .nldi-the, tracheal sys-;em* and tho hceiaolysiph did; not seem.- to su~f-for any essent"-.al darage if the interval of irraersion was not greatly pro-

After ]k.llinz- of the animrals with ether, thorcu'1rh cleanJ~n and di.1sin-
fection, they were prepared under sterile condi:4tions. V.e fi rst OIhtaincCI
specimens of hcniolyr-.,h and then sections of tracleae ane prena-red cultures.

~hnotma~iinG ncnollymzoh, caro must be exorcised to provont anrjiry to the~
tracheae. Ino.- u~~sVe n adherent hcmolym-ph from the trachenae, tho
latser were wrashed s;everanl timeos in sterile w~ater. ',eI proonxed theo abdomien
ventrical.1y for &ryllotalpa and dorsally for Zrytiscus Zand :e.'lolontha. F'or

Ai.we preparod the particularly strongly diovclonc-d tracheae of then a~
tcrio2 thorax ;4hich terminate in the first pair of stignrtzita. After col.
respondin- preparation, we here Obtain the lymph fro.2 the abdomen.
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oi : 02 to.,ia nulimiet ri•dia, io ut i-.ccd tho fol-

lp.bloo -lato, a-ar plato, Lofler plato, o plato, golatin plato,
Potato wcdgo, nc._ 2."c" agar, concent•atod agar, -and stab cultures of agar
or of Gclatin. )'.hcr cultures wore prcparod of nutr-ient bouillon, tr-ypto-
phane bouillon, nitrato bouillon, aquaous peptone and :-.ilic. Goner-ally, a
diversifiod cai.ie- was •.ro•.cd from the followii." ztubstanco': glucose,
lactose, saccaroso, s,1icin, mal-tose, dulcito, rnannito, :-'loso. 1.1ore
spocific ni.dia -..:ro nocessary only in some cases. As far as possiblo, woe
utilized "2ra 1-1' Jry nutrient l:caia which are charactorizcd by constant
ca.2lositionf-. "as sho-m to be favoi-ablo to add an insect docoction,
espocially to thc incubation ,cdia. in the preparation of the nutrient
media as woll as in diarnostic staining ana the evaluation of metabolism,
Cror.th and stainability, we proceeded in accorance with tho ;u•g-est-ions of
tho "Co:zi.,ittoo on Teclhiques of Bacteriological Investigation" of the Ancri-
can bacteriologists.

3 - Culturo of Bactoria: The plates inoculated with tracheae or hemolymph
woer allowed to incubate either at room temperature or at 370 in the thormo-
stat until they showed macroscopically plainly visible greith. If the
colonies appeared uniform under the plate microscope, a smear ..,as stained
for Gram. If the microscopic picture was also uniform, fresh plates or
oblique agar tubes were then inoculated by transfer. lNixed cultures were
separatod either by smears on plates or by the modified Koch effusion pro-
cedure.

4 - Determination of Pure Cultures: Pure cultures were determined in ac-
cordance with "Bergey's Manual" and "Bacteriological Diagnostics" by Leh-
marnn-Neumann. As far as possible, we foll'wed the more recent American
publication. However, it was frequently not possible to follow the very
rigid scheme of Bergey, especially in regard to the metabolic and physio-
logic characteristics of the incubated strains. Numerous variants mani-
fested themselves so that it was necessary occasionally to draw primarily
on the morphological characteristics also preferred by Lelimann-Neumann.

C - Our Own Bacteriological Investi!vation

I. Hemolymmph and Tracheae

1 - Gryllotoalna: 100 anim-als were investigated with the technique indicated.
Bacteria could be culturally demonstrated in the tracheae of 40 gryllotalpae.
For 13 of these animals, a positive finding was also noted for the hemo-
lymph. In one single animal, a positive finding was shown for the hemo-
lymph (of. Table 1 and 2) although the tracheal finding was negative.

S. 4 .
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Table 2

____-___r__ch__,_ _ _ L h iTo'_i Surf-,ce

A~t~l > 0'-'. .... .. ,..-..... x +;; +24 •o.
-c Z; c r u ........... - + - -

Lacillus .... 7 -0-- +
acillU3 C: crCu ..... 7: - - 7, +

13 +
• acil~u:- subtilis ........... l;< •-r 5x •o. 2.<÷:

.acillus %L;a t ......... .:: ++ -

Cornobactcriui: twcscons. 2x - - I 2: -

Zschoric..a. co•oi ...... 4 *+ ...
.iicrococcus caic, ns ..... 7x ++ +0. Lx +
.Licrococcus -avo . . 2x + - - 2x -

"iicrococcus pyogenos var. I

albus ............. . 6x I++ .+ 4+
-acrococcuL varianz....s.. 5x ++o. +o 7: +

P-lroteus -.......... 2:,: ,-. -0 Sarcina" alba.............. H- ++ +
Sarcina lute .............. ix- - lx
Grand Total ............... 92x 17x 109x

e-= very '0ow; + = few; ++ = average; +++ = nuasrous.

The :ndications "faverageu, "nuzorous" etc. as a ezasuro of bacterial
incidenice are obviously very relative. It is scarcely pa$siblt to obtain
hero exact quantitative indications. Since s=oars wore always obtained
from several sections of tracheae and/or spee.irens of h- '.h, I calcu-
lated the average value per smear and established the follow-ing evaluation:
0-1 colonies z vor-j little; 1-2 colonies = little; 2-5 colonies = average;
5 colonies ard over = n'rerous.

In tracheae treated with bacterial staiLns, it was occasionally pos-
sible to dwaonstrate rods, cocci and spores. The incidence was always very

in~or (as already scatd• , such cultural indications as "1avora-e" or "nun:-
eroas" are very relative). In general, the chitinizcd trachoao probably
prosent oast 'anfavor-bl"o zedia for germs so that they houso porhaps mostly
interadiato stages (o.g. spores).

".Z ,as to be o::%ccted, separate investigation o the strong uiterior
ar.a tho fine nostorior ;ootions of tho tracheae showed that the large
i:s-choel branches contain apprecibly a ore bactoria t..n- the" delicate ran-i-

A.cations.
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a) .:o.'- : tot:2 of 3C acu'..,-1, ) houca pOsitiv:c ~-',L.:: f" taio

trachc~o and 4 o, tln(so 4, also •;ouz.d a pon2.tivo fir.cd.ns fo' ", ;o,. -

Tabl

c~bacte- + .. x

-ccriu di-, us.u ...... . ,. ,- -

..acoillu•: ;:o,oc:rtc':icu ,I......... o ix +

-acr)u3 fiX ...................- o.+ - -+* il••bi ....... ... 7x ÷o,+** 2x + 9.::

Flavbactcri• df. s . ............ 3::< + - - 5

.. icrococcus pyogonoz var. albus ........ 3x .* I++
ciztea 1vuo.-is ...................... 6x -o.+ - -xSarc:Lna lutoa ..................... 5x + Q-:i• x

Grtnji Total.......................... 46x 4x. 5cx

b) A total of 40 an.r.Cs vas te-tud Li thiz; z•ericýo "'Aur-,;y-Ilo
sh-owod positive findJngs from trachoal Cultur-os. Six --: the a'n'l-..als sho-,ýCd

findin-s for both tracheae and he:iolyriph. In ono caso tho hono.-o.yph was
positive but the tracheae remained noeative (table 1 and 4 ).

Table 4

S-aclilus ccrcu ........... + to- i 3x no.4-I 15x
"- ..ati, �................ lx +++ - i

-3ci.lur I ,cc.tricus .............. 6:.: + 6x
i..................... + 4,

C:-c•:ob. .i'' . ,J" •u. ,. .. .. .. .. . .. . • . 5_
,-.vo cOtCiU. r.CV4 .......................... i -o - -

S..... .......................... ..-icrococc-z " •'-,/'•na vý,•"~s... ++o. ++,Jcocc•- :'~ro •............. 7 o ,° • 9x
.arcina a--z...................... + to ++-I- - llx

Crand Tol ........... [59x 6
-7-x



\Tib.riGO 1ai~ £cý-1 caiz;......... 3:. +- I

Viri lqu fciL ......... .... L +

±LO................. . - 1:

a) ~ .]COS: *-' bus tOI * LC SdJ+~S 3::
traohao i 6.ýa~idsL-At,4iousl in he hnoly'ph -4Of,'o!-''r ln

Suroct~ wasY2J p-stv A-o hemo---p an 5xauiofrtn.,o n

Table.

ra~a~ x~tia~ . 1i- 10:
~arzi~~ ~ + I ic:nt

... .. .. .. .. .. .. +0

L i................. _



Z::iiat of 2 h 'b,-ctoi'i cn 0h zac oth boo "nolucod. tho

I - rotio a oot~ od' tby that, tIo'm :3 a -ol.", Ioouc:Ia onl 3fCor

zx~a~:;(bci2t~A,.cyiancou, and1ii.'ccu C) on1- hc'ltv auJy boas
r hvoc o&~ -prn -kbr ~ozn ao or bactoria -4:5; ~o:6,0 th.;-I ro1mrlb).e

Lzý.-.cc tho booay of ah boo is practci. '~cotxc.tooc~ 'oog
L0,11.0 (0.2-. --)0110:). F U Cthr Lavkstl -ýt.on *iZ b nccozs,-y- to '_"oto r-

... ~o cho~ arolat'io'n 0xi~to tIS 0:ýC*'i1,al -.n~i.-~ o-V -.1 b.c h
obý-orvcd by' ý,Od '..'o Sur-raco flora 0-2 the bo '00mao notIC f=",o alzod.

~iwoo, ho~ cor~ Cyano=u. doberve:1 by li.ito iwas riot% l'o."id by us.

b) :atc-Irifectoca 3ocs: Ln~ong 100 su~bjects investi-atod cu tu
5Lnvosti,-ation produco"` bact.eria froni the tra-choao 83 timos c.1d fro-.il the
hc;,olyzmph 16' t:ines (table 1 and 7).

Table 7

Environ-

GorTrazcheae ~ p Tot,]. aerit

,7cinrcs..a60 ... % + .. : + 3x +

Acrobactar cloacae.............. 5X +* 5x -

,2) Eacillus calvei.................. 8x +0.++ 2x + lox +

Bacillus mesentericus...........* 5X ++5:-
Bacillus 11ods........ lX +++ 4 ~x ++ 15X +

Bacillus subtilis..e............. 9x +*44ý9,-+ 4x + 13X +
Bacteri~um prodiGiosm-........... 4x ++ lx- 4 X +

Eschorichia coi........ 2.- 4+o.+++ lx + 3X-
X"icrococcus flavus..............0 lox + 2x + 121- +

Aicrococcus Lutous........... 2 + - x0
Protous mirabilis ............... 2xc 4+ - 2x-
?scudomonas £luorescense.s..e... 4x 4++o*++ lx- ++ 5xt
Sarcina aurantiaca.............. 5x + l7x + 6x +

sarcina flava................... 5z + 2x + 7X +

Sarcina lutea,......... *.*e*.... 2x + 2- - +

Streptococcus faecalis.......... 9x 6x 3x + 14
Streptococcus liquefaciens...... 4-x +o.4++ -. +6

Grad ar a............ 89I 1 x l3-13

c) 7liht-disabled boos without mites: We have exploited the results
frc. 50 subjects origginating from i~nfected hives and unable to Lfly but not
sho-w-ing any mites in the tracheae. Positive findings for the tracheae werar

adoin 413 cases and 3 of the saveo cases also showeod bacteria in the henio-
lymý-h (table 1 and 8).

-9-



. . +______

..~~i1~t~V.1................

"licrococcuo liuý.O ...... ....
.-a`crococcus pyoý;cncz v,--, aII.:...
Protous .... ... .... ...
.sCudoOonas fluorasc.lz ........
5arcina flcava ............ +
3troTntococca.- 1iocficccIono ...... 1 2

3rand Total ......................

A;-on*' 44,8 iecsinvesti .,tac, ~thc oiij,3S ý;;t islate

ý;acii2.us a2.vei (*. ,z ^ý; 23ac~lths cc~ro-as (G:, *T2-. acil-lu` .-Go'.theriuz;i

(a, cil .s -,GS <erius(); B iacill ius ns orlicosi.- I. ' 9'-Acilu nyod3 (..:-1

Cnro:ab'a~c'teri"'i "itihinu; (, ) Chro~mobacteri11:.i (b; Coro'bac.e -it
helvoiu= (k!); coxrrnobacteriu~i simplax C) Corynýb ac tcriun -:._ccr~s (';
gsc,-erichia coln. (Cý 'i~ Az) i1av6DactCeI!-i.aL c`iffsum- ('l;_Lvoo,.c-csrIum.

ran,ýrius (. j crococcus candiAcaxis (Cr, D); :-:icrococl~s 2 (¾*;*-a
A;, ; 'croCoc cas lutous d'~~' .crococcas -,yo.7enor, var. dJbus

- :. icrococcus pyo-enes var. aureus (3); .Iicrococcus

,?roeusvuL-ars (, .41) ?sudo);a fluresceuns Alr.,Acý±) 1>A21dooa3,
milember'i (".2); Sarcinqa alba 0,~ "2" Sca-cina aurantiaca -,A)

Sarc:ina f.Lava (Ala '2, Ao); Sarci-na lutea (G, -i %-~ S~) traoptococcus
faoccJi ('t2); SiePtOcOcc-is liquefacierns ( A2, Aj) Vibrio liauefacions (D).

T~he lotter& in parorntheses indicate the subjects in ,`c'a the germs
were fouind zu-1c- their abbreviations st~and for; 3 = 3ryGlolona x1 -
tha of serics 1; -12 = -.eoloontha of series Z; L uytiscus nrili;A,=
healthy boo; A'? ,-_-;te-infocted Lee; A5 =liht-disable"' bcoz vithout tra-

2i -±Žan~nien~co of 'rach-caa Fllo:xa on -ýiotooc

Ccn.,iderirn-- th' i,'uD of Gx-y2.otalpa, typical ýcsi2. Zer.!u wcre to be
expact Ud. 7t WouLCd be pejcculiur if the ros'pi-at cry 5yste;-:. of an izisoct cca-
tinually movdýng, in soil with. a hizh Zerom content wouldi bý.tczrile. Espoci ally



Inin co tho trzac,-cc.c .iuý be re-airded a
toi:xu'd tno in~or2.or. ZTao trac~hoa3. flora v,ýrie;: qua-l `vc~l.y ~

and an ontirely dif.Zoro'cat co,.:oosltion 'n csl rD. c'1c
* tions.

A Iarge -~a1-t. of t- ',, or- 1nt: r0. 1 LO - ola fcur-
tilized bcois of t'.-. hotfnic:al "01 xin odrtocý o then ';Crv) Gon-
tont of the, corr.cs- ond-;*vj.- 2ec o hcitt_-;,ool

a deOpth of' 10± l-15 c,: Qtbrof~.~z ernaiined
by "aans of diilution an fu,-o.lzo tt bu
250, 000, 000 por grmof soilI. ',XŽ s-o- do~::e hoe uci' a pro-
ceziure f£urniishcs o.nly a -.artia2. rr-zlt.

We enostrtodin-ividually .5aciJ2us 'btis ... oi2s,.
cor(eus, .9. .-:o5ontoricus, 3actoriu~a roios, .. -.. tand colored
;.Licrococcoi andSrca as wall aaz act-L-.c.-.'ccL0L. .r cythe- Sanrlo
Jerias wero ol0tained if insectsz w'ore 1saca :Oss tlhe- ri-o ~diunr be-
fore kavi-nC been clozned (Taible 2, olxnSur-face ,

In order to test the difference with t~he zcrm's of t1&-(- air in tha
laaboratory, anir-plato,ý were set out in the wor.kir.ý LPaO.Lc .0 t.-I-n found
un particul~ar iwhite "&colored n~iierococci, sarci~nae, pr.aiySarciLna
'av.a, once aicrococcus pyo-. bar. albus, once lbacilluz; :..seno:-.r';us as

wetll as a non-colored! rod-~s aped bacteriu~ri. :4ost of these ho~ ad- not
been found at _-11 or only tno a minor e~xtent in teo sýoil.

T6he variety of tracheal rflora therefore corresponds to that of the
soil1 flora. iPractically all isolated microor~zanisms ropresentc-d typical
and Ponerally ubiqalitouas air and soil gerzas.

'I'he f£indi;n-s obtained with gryllotalpae correspond crtiroly to
obtaiLned fro:- othier insects. It was always -possible to incubate .1 great,
nunber of bac".-ernia frou the tracheae and, fo'r individual cases, als-o germ~s
Iroa~ the h-ernojlyzph. A particular constancy in the con7:positioii of~ tna
t1rac'.ea1 or tho heroly4ýiph1 flora was not found. Composition varied depend-
iLng on and with the biotope. This was very Yaorked in the series of Dzolo-
lontha which originated from different localities.

The finc~.ings fox, healthy boos also corresponded en~tirely to those
'USt, discuGseca.

- Rat: o~of' Trncheal Flora- to that' o' the c:.~

Az ..eay ontioned, several authors (-Cazr-oron, Lilly, Pail-lot, an!
othcrsý 5 were able to incubate bpý4'cteria fronm theo ofo~h apparcntly
c Oa. .otoly healtwhy insects. The origin of these :-d:ncro-orgarnis;rs and the
rGa.ýýon for such a tolerance of the inzects a1re st41 -ýicn quostions.



c.~j 0., O..' -11, -C' Z nl U. by

ýý oo -. j to difforon-
c't i a t.. o> fro:.;t. Q

* .~n e:' Lrn~tof eL' c iýnticz'ro) Uatli of~ac md, cl .- I.~ora~z
ioccrs to 00 ooz;iblc t"eidi.0 baie thlrouj' ~ic-nfc

--n I..,b~cs, eo.hct &r:sare 01l.tivcl, % c toa-
co;: d nj _- o euar oc)ervations. The ro---jis from ioikzt .cswereý
tnA`orefore all t'he inero strikin';..

Tvboo -aito (Acazrapis wooli) is 1eomto bDo 1oc:tcd inaz-
tho es-)UcicalJy ý;tron'jly developed tr-ccheaze of the anntorio-r thiora: ~.:c
t.u.rminate Uin the first pair of stiZj;,ata. The nite feed--s on the blood of
theX boo which iti~et aftter puncturinZ- the treacheal wall. '.ihthe
injury to the tracheae, blood penetrates into the latter, coagulates and
orstchr ththe defecation of the miteo fre- ently zan- c:xtc--dcd cr-ast.
ýt see-led moest likely that this vill also result in bcoteriolo-ical con-

j Q seqiuences.

14^ we co.ý:-arcj o-u' fin rcr, hea.lthy bcoeý with thýose of ,ate-
infected bees, itu is shotin that the incidence in the tracheoae is lways

greater foi- the latter. -he qualitative co:.,7ositio~n of the tracheal

flra also varies vrith `infection by vates. There then prordo.ni~iate proteo-
Jlytes and/or sanprophiytes (in part pvure focall bacteria) and in part even
strongly bee-.patho-enic &.s

!'Ven nioro strikinZ; are results for the he,.iolymph. The nz ;bcr ofI'n-
sects with bacteria in the henrolymph is three times greater with laite in-
fection than the scaae numaber for healthy bees * The com,,Kozition of the
'iemoly.7-phatic flora here varied iLn the same sense as that of the tracheal
flora so thýat the interrelation botmorcn theo two here is especially notable.
.pocially for thie rnito-infected boes, the concept of an interrellation be-

tw.,c.r. thec bncterýia of the tracileae Jffcctcd and the hcmolymnh offers no
diffical'tiesa. It is also u es &ethat infection of the tracheae

witmTeas and in p artiiO'l any tho E aio of a c~rast leads to a qualita-
tiive an-, an-,ititasýiva chari-e of thre bancterial flora.

"onow intended also to e~rretlydo_ castrate o infection o.1
tha tracheae-oe~ te onviýron:.,ont. Lýor this nurnoos, oClc 20L-
sects in containers which had been contarainated vith .-zi :uscoatherium
and staphyloooccus albus (micrococc'as pyo~ernes var. aJbs.in some cases,
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vealso ~n t he surface of thtý?in-sects, btaosi1it,

* Aftor t~no insect-s hdre:nairnd for 5cvce_.a. c:Q-s in thL',i(- ~ '5 t~

wrcro pvijr'0 ini cuýtomezy .iamnor' anm sam-p~cs fro.-1 thea traclie.ac. tn
honoioy-,T:h wero trasfoxrred to 2oi.JJlen cuI2.Vxz-e. Atrahi~ cric of

,- u.ati or c -'If of thIc rutrIoytl. -soiut~on wis r...xcd .thJi.ýf
nut~riont . a con'La.nin.- 1C;. sodiun chjorido (eJ.ectivo ~:c~nfor. stzaphylo-

*ccccus albus) an-d for;ned into plates.

The other hall."a heated in the a-utoclave =, for-c. ino latos
*toZetixor ii.-th tho nutrient aL;-- containiLn- 50,, de%:taoza (olccti;vu mediumw

for bacillus mo-atlhoriuic).

first tlested 12.2jyltl in this mcner~c.' J-~sects ha-d ro-
three d~ays in the infected conitainers. :he rczult. is sho-n -n

ahble 9.

'al 9
2Numsber of InsactsI

i"Cc~ci loco10 I

~~0
2 +* +-

3 1+ +
5 +t +

0 +

The e.-perLiic-et was repeatec, with 20 health"y bees wihro.-&ancd for
five days in the Infocted corntaincrs. (cf. '2ale, 10). Table, 11 shotus the

finln;s CotainoQ utth 20 mite-infectce2 beos.

Table 10

Nturber of :n se Scce27_____

¶6 0 0 00
+ + 0 I +

+ +

0 0 0
Q 0 00 2::
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Tl-dz clca--1 ho-:e that ZOvre~a I irs haad :ýCco_-S to the
tracheae and that- thn posziibility of an infection of theo he. olyrpah by way
of t.he tracea-c, floo exis~ts.

j- :,isCu~sion, of aanS

i IiouZ!_ w.a, Wo ýurnriýsin- that ftnz;i do not :_,ex rraein
our investi,~ations. For exxnpie, in the al.nost neutral ro~ctlion of the
.-arden soil, tae bactoriaj. flora iJs lkncrni to predo:.xinante by 'ar. orcovor,
we utilze puro ba cterial. nutrient. rcdia irith an allkaline reaction Wh~ereasl0 fu;-1i prefer an acid milieu. Furthneor;or, the incubation plate 'a-!-s o , berved
for an ornly relatively snort period 0(which is sufficient for bacteria) and -

any possible individual molds could not be differentiated fro=i other Lm-
purities. Ih a bacter-iological investigatioa of the trachecal system, the
obiiJ_:atoryj ar-iorobos could evidently Ix u.x-cluded- a priori wh,-ichI nppreoiaoly
facilitate-d the procedure. "TO also conpletely disreZgarded the obligatory
autotro~paie species, i.e. germs which proliferate o 'I, on nutr~ient nedia

a demonstration of species of v-irus, rickettesiae, etc.

It6 is lik-ely that fewer actinor.-yotes woxre demonstrated than would
correspond to their qu-intitative occurrence. In the opinion~ of nyauthnrs
(Lieske, >i:eyer, Rip-pol), they fe-athe main coiaponent of the -microflora of
the soil.- .oaa, because of their very slow, grow.th, thoy apper o. the
culture piates only after a long intexwvl. -As al1readly indicated above, w-e
generally di~d noz, obsxer.vu the san.-e plate that long. The isolatedI actino~my-
cetes ..ero ntalyz~n were fi~and brittle and fin-ily intoegrated
w~ith- th1c nutrient ~ hyShowed a ý,chcnazwtcristic sr.oll of soil and
stron- ""oyss fter so.-e tjine, theIy 'ada ..a, chalky arcd dusty o-p-

ncarnco.Thcyware -prob ably actinoirnyces odorifcr or acbosoly, related

The nrascnt investig;ations i:.ay bei consideorc k-in cen-fir:.nod thatt
t tracheae of tho ins-octs .practically always cont-.t*ngcr.z e tracheal

Q~ction is actually proboably alwzý'ý 100,A and Theacoiv fa~Iindings ire
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o robZabl,ý duo to theo ca-roful dis~nfoctio~n. The ~a~ ~ t""e hjo-60
tom) is; as stri z a it :ý: ovidon-t. 37inco tao bQIOts3a ~. 'Con-
t'"ns ;7=y c'n rs.the tra&c2.c- flor'a is C-1o50a

V~ria'ted. T is tcrrolati'vn uas very plain ."or ;;lo ~
vaioý;ation of t,,3er flora of t'6',-.Q is lcc a Ta 1 0consti-_

tutes an o.-trc.ioly no-oueuu .2uiin coil-..
stan'tly not o.1ly ~-hdcs.th bout oven attho scane loalc. p~.~~al .- r-
t' le of a dif4" n c i~ roats a n'tetlcoie± nynst

*ParIticle call LaOna' nl :lkalinoracroo olf charn-(. reactio a 1u- to t:,, for-
.a-..aion of Foaa Pocos cC colluloscj or li,;nino -a I racionto

ward acid and croa-to chari~cd nutritions.]. conditions. Inth o -. 0 a
*~ ~ 1 livina ylaat roots- i:aay load -,.o other c ol>'it ions (R:~l-].~ . ::asuro-

i*onots with aicro-.,xth~os have concsoquontly snioý_-n diffea.-ent ::inconcontra-
tions for difforo,..,. soil oaoct. t-iao sctsrC.- hOja' Of tueL ho-
tanica]. Gardoa, huzanx intorvention iJs r.oticcable in theo for;l of nue

6for the additioni of easily decc.aocsinv orý;annc subtanes 'iemJou that
* ~oZPocialJly the bactoria deco.ap-O=in- pl-otcin and cih'~ nccrease

wa~hcan be ro~airýo4 so-to-speakc as "da- laborors"t . ~ ~ ) h
typical rcepresontative of this jrou'. 1ishc1u .,oa.±-an has
invooti-ated tile eistribuitjnol' . t~he o at ... lsti-Lude -ý...ec iiarurod
and no-aurdsoils ofte.n occur in close vicinit;y. Zn a .aar
bacteriun- coli is the predo.ninanwt L"r in_~atcr c.M~,~ -o

* ~tor ;and doez nol. -L'osoor in Duzro ;wwsýor =dfOI-0...,5 -_;.

sea.sonally and theeli- aicll conditi-Lcond viartioa of t -Ao croor-an~iss(2) content of the soil suiy also play a ninLor role in suol-. invostizations (for
eaaothe nicroorýani~sr content of thi oil runs paallto the. product

of tonperat'uro and moisture). Similar cdxousas;tanoes are fouad in tho en-
viror.:;ornt of the other 3insects investigat~ed.

It is ,.oro difficult to understa-nd the occua-ronco of bacteria in the
hoiaolyi-ph, althourh thshas been frocluontly olbserved cnd, is; p-.obalby not
unusý.ual in -insects. Zande~r is of the opinion that actually only the mrouth
can 1)o considarod thc rseans of access since thne su""face is cote` by an-
Lapenetrable coyver of chitine. The saiai is tfhe case with the tracheae so
That the Crams oannot enter by way of the -Atoral1 respirato;.y apertures.

Tauber found stap-.hylococcus albus as a patho~ocrc egrza in the he.ao-
yahand also occupied himself with 16'1 problema oz-th p~azi of in~fec >ion

_y :-icroor~a~a in thie blood. Hie is of tao cpinioll thant teo Lnseco,,,.
*into contact with infaotod aninals af~ter 5hoddin.- of the ski:!n w-lon tlý eoCC-

skeleton is vory softý and vulnerable. At that tiuxe the bacteoria are able
*to icenot rate the.f dielicato skin actively or ca~ter tho body thi'ouz~h small'

cracks in the sur1`aco.

'fciffoý- and 5ta;ýýeIr were n~ot able to ,)roiuce infection bit a c tear iuf
he.4opho~sphoroun, by foodinZ and also assu~aod tnt nfection ta'-os 'Llce

anr4' injury ost- ki~n, of the intosti;- ci by inooot boitc.s. a
evejr, such injuries. may occur probably evce.; .~o' esil for the _dalicatoa
tracheae so that t;he latter =art also be _^~adre s a sIource of. aýnfetaon.
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Th:t nsct io sc. ezecG1. ,I--oz Ou 'Jtz:4 cc; .j.O:.ýn tou indi-

£ftC- u i.nzccv, z x!" 41-lfcczijos do `j~c:osc.~.2 in. ct

cu~sar1es 0vn 1ho,.-c to~n~ Qo~z .oa L~zr.ýiontic
tc~tie i.h .C~the o~vess 1 th

to3in this ciaectjon -aoual too~ '.,o cdeLabo

.a L;10 'ifl coxatont of' tur.ýc-caoa - .ol-; s of coursO o

~i~of 3y.~t.In .. oeil~c..~o.k'.ih~scs cxai must, be
rcsdnot to da~ia-o or inj~ure not only t.:1 intestine i"d~ntosti.nal

procossos but clso the trachloso. If ~cn eto be ~u'tdfro.- or--an5,Qt,,e. Coatcnt- of t:1o bloo(i.-.s be t.kninto a-CCOunt-L. L-. is rocx:.-
I c Iin .~. vn ill such- cases to :2130 4ncuoate szscciGnon., 0. hoy,

adto wash tho oram; thorouZghly in storile c ~ator Cn.psil ve~n to
disin-fect t 2.. ,240 prolubaihty of inkcubc'ti-n- e:t'nsu c~z'; for thein
sects is ve;'y Zi)i oý;e aie.-edly _-c .L ,,- J-ua~t cd s~insp.,;bably roprosent.
morcly ect--r~nc ouz o~ trcs.nplntcd to the culture evenwan c.:pJ)loy:Ln-. V.ory
careful. techniiquels. Very strict, rcqui~rc.-.cnts.ý are here neccessary in view,
of authors li>: cheancorJ. who have rcoent2.y bred zso-c,,I1ed "zy .biont!;' from
a Zroat va;riety of omLia and niat tissues. :-ach ;rz.Tsirc.;.Gn.ýs S11OuLLd
cover both e.cinteltchniqu~es, as .. ell as inter-protation. aarms -row-
in,~ on Z~oneral natriont, madin should be roaa-rdod especially s5keptiUcally.

Accr~n-to ita,..or th follo-,7ý rcqui-re.xsnts z esatbisfo c o, 'Lo
f61ir.~tion Of a n'owt sy:liosic;.

;o r.ano="on of the uiL-,for'zsidty of~ the, occurrcnce of the sy..,bionts at

differant doe'lcloý2-.nnta& 5tases of th~e hlost, Too:lde of the-, n~orhology
adthe chn -C oA ofazno. Of thle syý..ihionts on the-- basis of cicrobiolo,-,Jca1

stainir.,4..,
to taho nr c en...i a sa~ocriterion, the bacteria l cultUre I S ^,.1uch, too

C~ G.lc.- .';s al-roady statec7", it -.ay be difficult. under certain
ciro*ý.6ý=cs to c-::oIud-co :ýUranooue er-i and , on t~he other hand, -..any
sy-sion. . a n11-Z;C= ot, ho brad with the cut~aybccterioloýicaJ. not~hod~s. -,'or

casraio o .identity of thio incubatcd bacte:ria; w!t t ,he syraIo'
rscroloZica -_o-'hc~s can be cnnl-)oyod i~aic~h has boon pointed- out byf Gubler

and 1,16er
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